Prolongation of P-Q interval in the anesthetized rat was observed by repeated injection of killed group A streptococci. The prolongation was clearly recognized at about the 11th week after the first injection, but afterwards P-Q interval recovered to the normal level in spite of continuous injection of killed streptococci. His bundle electrogram recorded from isolated heart revealed the prolongation of A-H interval in the treated rat. Moreover, the transmembrane action potential in the atrioventricular nodal region of treated rat was slightly deteriorated, but the action potentials in the other cardiac muscles were not changed. It was deduced from the above results that P-Q prolongation was transiently brought about by the injection of killed group A streptococci and that deterioration of muscle in the atrioventricular nodal region might take a main part in the P-Q prolongation.
T is well known that the prolongation of P-Q interval of the electrocardiogram (ECG) is a sign of the rheumatic heart disease induced by the infection of group A streptococci. There have been many experiments intended to produce experimentally the heart disease by the application of group A streptococci or of the cell-constituents of this organism to the experimental animals such as rabbit.1)-4) Terawaki produced the change of wave form of ECG in crabeating monkey by the repeated injections of M protein or lipopolysaccharide of group A streptococci.5) Present investigation was undertaken in order to ascertain the pattern of P-Q interval prolongation by the application of killed streptococci to the intact rats and to decide the portion initially involved by using the His bundle electrogram and the intracellular microelectrode technique.
MATERIALS AND METHODS
Experimental animals and anesthesia: Wister male rats weighing around 300Gm were used in this experiment. Since the P-Q interval of the rat's ECG is relatively long in spite of the fairly frequent heart-rate, the P-Q interval could be easily measured. All of the experimental procedure were performed by using the rats anesthetized with the intraperitioneal injection of Na-pentobarbital, 25mg/Kg. Sensitization of the rats: Three series of experiments were performed. In the first experiment, the animals were divided into 2 groups each of which consisted of 20 rats, respectively. Twenty rats belonging to one group were injected with 1ml of streptococcal antigen (8mg) with 1ml of Freund's complete adjuvant into the muscle of thigh twice a month. The other group was a non-treated control group.
The second experiment was carried out in 4 groups of animals consisted of 10 rats each. The same amount of the antigen and adjuvant as the first experiment were injected to the animals of first group. The killed streptococci alone was injected to the second group and the adjuvant alone to the third group. The fourth group was a non-treated control group.
The procedure of the third experiment was the same as the first one and moreover the His bundle electrogram and the transmembrane action potentials were recorded from the isolated heart quickly removed from the rat with prolonged P-Q interval.
Recording of ECG:
Standard limb lead II and III ECG were recorded on the ink-writing oscillogram (Nihon Kohden, Type 3047-52, Tokyo) through an ECG preamplifier (Hitachi, low noise ECG preamplifier, Tokyo), once a week during whole experimental periods.
Recording of His bundle electrogram and transmembrane action potential: The free walls in the atria and the ventricles were cut out from the quickly removed heart and then the septum preparation isolated from the right heart was 
RESULTS
Change of P-Q interval in the sensitized rats: Fig.1 shows a typical pattern of P-Q prolongation in the first experiment. A definite P-Q prolongation was recognized in the ECG of rats at the 11th week after the first sensitization. The results of first experiment were summarized in Fig.2 . The P-Q interval showed a trend of gradual prolongation from the 7th week after the first injection of the antigen and reached a maximum value at the 11th week. However, the interval shortened gradually after the 11th week and almost recovered to the control level at the 13th week in spite of the continuous injection of the antigen. So far as the The time courses of change of P-Q interval in the second experiment are illustrated by the separate graphs of 4 groups. The first group; treated with killed group A streptococci with Freund's complete adjuvant, second; treated with killed group A streptococci alone, third; treated with Freund's complete adjuvant alone, and fourth; untreated control. Ordinate mean P-Q interval of ECG in msec, abscissa week after the start of experiment.
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The second experiment was undertaken in order to discriminate whether the P-Q prolongation in the first experiment was induced by the injection of antigen or could be induced by the application of adjuvant alone. Fig.3 shows the results of second experiment. P-Q prolongation was recognized in both the streptococci-adjuvant group and the streptococci alone group. However, the statistical significance of P-Q prolongation in the second experiment was rather smaller than in the first experiment (0.1>P>0.05).
On the other hand, neither control group nor adjuvant alone group exhibited any significant prolongation of the P-Q interval.
The results of the third experiment showed a similar pattern of P-Q prolongation as the first experiment. And the most of animals in the third experiment were used to measure the His bundle electrogram and transmembrane action potentials.
In the measurement of P-Q interval during whole experiment, the ECG which showed an extreme bradycardia was excluded from routine measurement. Fig.4 -B.
Effect of sensitization on the transmembrane action Potential: A series of typical action potential are shown in Fig.5 . Most of the action potentials except those of the A-V nodal region were not affected by the sensitization with streptococcal antigen. However, the configuration of A-V nodal action potential was slightly deteriorated. Since stable insertion of the microelectrode into the A-V nodal cell was very difficult, satisfactory picture of the A-V nodal action potential could not easily photographed. His bundle electrogram recorded from isolated rat heart. A; an example of control rat, B; a typical example of prolonged A-H interval in the treated rat. Bottom schema indicates the meaning of each spike, A; atrium, H; His bundle, and V; ventricle. Action potentials and extracellular potentials recorded from various fibers in the rat heart. Uppermost panel (Ext) is a extracellular potential, and the meaning of each abbreviation is the same as the scheme in Fig.4 .
In the following 4 panels, top curve is a extracellular potential and bottom is an action potential respectively. Abbreviation A; atrium, AV; atrioventricular nodal region, His; His bundle, V; ventricle. The time of onset of action potential is compared with the extracellular potential, and localization of each intracellular action potential is ascertained. Therefore, the action potentials recorded from the A-V nodal region could not be statistically treated.
Change of serum ASO and ASK: Values of serum ASO and ASK were slightly elevated in the 8th week of the first experiment. However, such elevations were never observed in the other experiments. Therefore, it was concluded that the elevation of seurm Jap. Heart N ovember, 1978
ASO and SAK was not brought about by the procedure of present experiment.
DISCUSSION
Recently Terawaki reported that the heart murmur and the change in the wave form of ECG were brought about in the crabeating monkeys treated with M protein or lipo-polysaccharide of group A streptococci,5) and that these monkeys showed clinical patterns similar to the rheumatic heart disease. Whether the prolongation of P-Q interval is an initial symptom in the rheumatic heart disease or not, is not yet clear, but the P-Q prolongation is actually one of the minor symptoms in the rheumatic heart disease. In the present experiment, a trend of transient P-Q prolongation was clearly demonstrated in the rats treated with the killed group A streptococci. Moreover, it was in proved by one of the authors that the P-Q prolongation was produced in early by the application of killed group A streptococci in the germ-free mice, and that such disturbance of the excitation conduction system in the heart might be due to direct cytolysis or antibody-dependent cell-mediated cytotoxicity of activated lymphocytes or macrophages.6) Therefore, the P-Q prolongation in the present experiment seems to reflect an immunological response to the heart muscle produced by the treatment with the group A streptococci. However, this response may be only transient and does not mean any direct development to the rheumatic heart disease.
A-H intervals in the His-electrogram exhibited relatively longer value in the P-Q prolonged rats than that in the control rats. These large differences were not expected from the degree of P-Q prolongation in the treated rats. The reasons of these remarkable prolongations might be due to the experimental procedure in which hearts were excised and perfused extravascularly by Tyrode's solution. Since the safety factor for the impulse conduction through the atrioventricular node is really lower than in the other cardiac muscle7) and A-V interval in the heart excised from control animal is also longer than the P-Q interval in the whole animal, the A-V interval in the treated rat might be sensitively prolonged by the slight and probably functional disturbance in the atrioventricular conduction system. Any way, A-H interval was relatively prolonged in the rat treated with killed group A streptococci.
Since the insertion of microelectrode to the A-V node was rather difficult than the insertion to the other cardiac muscle, measurement of the action potentials of the A-V node could not be statistically performed. However, a slight deterioration by the sensitization of group A streptococci was
